Purpose. To present a new technique for wrist arthrodesis and review its treatment outcomes in 33 patients with brachial plexus palsy. Methods. 26 men and 7 women (mean age, 26 years) with global brachial plexus palsy underwent wrist arthrodesis using an external fixator and a cannulated screw. All surgeries were performed under local anaesthesia by a single senior surgeon. An external fixator was applied to the radius and the metacarpal of the index finger. The articular surfaces of the radius, scaphoid, lunate, and capitate were debrided, and a cannulated screw inserted from the base of the radial styloid to the carpo-metacarpal joint of the ring finger.
INTRODUCTION
Brachial plexus palsy can be caused at birth by a difficult delivery or by other trauma, and often affects young people. The treatment of choice involves aggressive early microsurgical reconstruction. After nerve reconstruction, upper-limb function can be improved by secondary operations, including osteotomies, muscle transpositions, free functional muscle transfers, and arthrodeses. 1, 2 In global brachial plexus injuries where the wrist and hand are paralysed, wrist arthrodesis may enhance hand function. In cases where the hand has some function, wrist arthrodesis may stabilise the joint and provide motor units for tendon transfers (i.e. flexor carpi radialis to extensor digitorum communis transfer) so as to enhance finger function.
Wrist arthrodesis may stabilise the joint and increase grip strength. 3, 4 The new position of the wrist in slight extension also improves the cosmesis of the upper limb. Wrist flexors and/or extensors with muscle strength of at least grade 3 (according to the British Medical Council scale) can be used for tendon transfers to reinforce finger movement.
Techniques for wrist arthrodesis using intramedullary pins, 5, 6 staples, 7 plates, 8 and rods 9 have been reported. We present a new technique using an external fixator and a cannulated screw and review outcomes with this treatment in 33 patients with brachial plexus palsy.
MATERIALS AND METHODS
From September 2001 to December 2006, 26 men and 7 women with a mean age of 26 (standard deviation, 8.5) years underwent arthrodesis of the left (n=14) or right (n=19) wrists for global brachial plexus palsy, using an external fixator and a cannulated screw. The cause of the palsies were traumatic (n=23) or obstetric (n=10). 18 patients had a severe palsy with no hand function, and 15 had residual wrist and finger function. All patients were operated on under local anaesthesia by a single senior surgeon. The wrist was placed in slight dorsiflexion (10º to 20º) with the axis of the metacarpal shaft of the middle finger aligned with that of the radial shaft, with neutral radio-ulnar deviation and rotation.
Two pairs of pins were inserted-one on the radial shaft proximal to the wrist and the other on the metacarpal of the index finger-for applying the external fixator. The pins were placed slightly on the dorsum of the radius and the metacarpal of the index finger to position the external fixator more dorsally.
This provided enough space volarly to insert the cannulated screw from the styloid process of the radius.
A dorsal incision of 4 cm was made over the wrist joint. The dorsal retinaculum was elevated from the ulnar side as a rectangular flap based on the radial side. The 3rd and 4th extensor compartments were elevated and pulled radially and ulnarly, respectively. The wrist joint was exposed by elevating a rectangular flap of the articular capsule based on the ulnar side of the wrist. The external fixator distracted the wrist joint to better expose the articular surfaces of the wrist bones and facilitate flexion-extension and ulnardorsal deviation. The articular surfaces of the radius, scaphoid, lunate, and capitate were debrided using a small bur.
A 1-cm incision was made on the lateral-volar aspect of the radius at the base of the styloid process. A sleeve protector and a pin guide were placed. Under fluoroscopic control, a threaded pin was inserted from the base of the radial styloid to the fourth carpo-metacarpal joint. The pin had to pass through the scaphoid and capitate without penetrating them dorsally, as the wrist was already in a slightly dorsiflexed position. The pin position was confirmed with the C-arm, and then the route of the pin was drilled and a titanium cannulated screw inserted. The screw was self-tapping, fully threaded, and conically shaped with variable pitch threads to enable intrafragmental compression. It had to be long enough to reach but not exceed the carpo-metacarpal joint of the ring finger, and its proximal part had to maintain a grip in the lateral cortex (rather than cancellous bone) of the distal radius. The sleeve protector was used to avoid laceration of compartment extensors of the thumb and/or superficial radial nerve.
Cancellous allografts mixed with demineralised bone matrix were added to the decorticated wrist bones. The rectangular capsule flap was sutured to cover the bone graft, and then the retinaculum flap to cover the extensor tendon compartments.
The mean duration of surgery was 43 (range, 35-60) minutes. The median size of the cannulated screw was 55 (range, 45-65) mm. All patients were discharged from hospital one day after the operation and followed up every 3 to 4 days until suture removal at week 3. Radiographs were obtained every 4 weeks until there was solid wrist fusion. The external fixator was removed at week 8 and the wrist was protected with a short-arm splint until solid wrist fusion was evident (Fig. 1) . Grip strength, wrist instability and pain during activity, as well as complications were recorded.
RESULTS
All patients had wrist fusion after a mean of 14 (range, 12-16) weeks. Two patients with post-traumatic brachial plexus palsy had delayed fusion and slight wrist instability, because of bone absorption around the proximal part of the screw. The shorter screw was embedded in the cancellous bone and not selftapped to the cortex of the radius (Fig. 2) . Fusion was achieved after replacement with a longer screw under local anaesthesia. No patient developed a superficial or deep wound infection; 2 patients developed pin track infection and were managed conservatively with oral antibiotics for 10 days.
All patients were satisfied with their outcomes and after one year were able to perform simple daily activities (e.g. lifting a weight hanging on the palm).
Patients with residual wrist and finger function underwent tendon transfers (i.e. flexor carpi radialis to extensor digitorum communis transfer) at a later stage so as to improve overall hand function and cosmesis of the upper limb.
DISCUSSION
Wrist arthrodesis remains the treatment of choice for various indications, including posttraumatic arthritis, 10 rheumatoid arthritis, 11 a failed limited arthrodesis or total wrist arthroplasty, 12 reconstruction after tumour resection, infection, or traumatic segmental bone loss of the distal radius and carpus, 12 spastic hemiplegia, 4 and brachial plexus paralysis involving the wrist and hand. 1,2 In patients with contracted or flail wrists associated with cerebral palsy or brachial plexus palsy, wrist arthrodesis may strengthen finger flexion in slight wrist extension and provide motor units (in wrist flexors and extensors) for tendon transfers so as to enhance hand and finger function.
1,2
Different techniques of wrist arthrodesis have been reported. In combination with local or iliac crest bone grafts, an intramedullary pin 5 or a Steinmann pin 13, 14 have been used. To avoid distal migration or backing out of the pin, 15 cancellous bone grafts were added to the intramedullary tunnel prior to pin insertion, 16 or a transverse blocking screw was placed into the metacarpal (distal to the pin). 17 Wrist arthrodeses using single 18 or multiple screws 5, 19 have also been reported.
In a study using corticocancellous iliac grafts and screws, 19 only one of 24 patients with osteoarthritis developed pseudarthrosis, but complications were numerous. They included donor-site or wrist infections, reflex sympathic dystrophy, and extensor tendinitis. In another study using staples without bone grafting, 7 fusion was achieved in 25 of 26 patients in a mean of 3.2 months. In another study using intramedullary rods made of self-reinforcing polylevolactic acid, 9 fusion was achieved in 20 of 21 patients with rheumatoid arthritis. In patients with posttraumatic or degenerative arthritis, the combination of a dorsal plate (from the radius to the metacarpal of the index or middle finger) together with autogenous cancellous bone grafting achieves high fusion rates (93 to 100%) and does not require prolonged cast immobilisation. [19] [20] [21] [22] [23] [24] Nonetheless, most of these studies reported high complication rates varying from minor transient problems to wound infection, extensor tendon adhesions, carpal tunnel syndrome, plate loosening or breakage, pseudarthrosis, and dystrophy that often necessitated secondary operations. 19, 24 In a study using 2 Kirschner pins and bone grafts followed by a plaster for 3 months, complete consolidation was achieved in all but one of 31 patients with paralytic hands. 25 Our new technique for wrist arthrodesis using an external fixator and a cannulated screw was less invasive. Blood loss, the risk of postoperative infection, and adhesions at the extensors were therefore decreased. Except for the titanium cannulated screw, which was biologically compatible and caused no discomfort, no other plates and screws were retained in the extensor tendon compartments. Less surgical exposure to the extensor tendon area minimised scar adhesion/formation and facilitated second-stage surgeries for tendon transfers. The carpo-metacarpal joints remained free and therefore decreased pain in the long term and eliminated the risk of metacarpal fractures. In our patients, the bones around the wrist were osteoporotic, and especially in those with obstetric brachial plexus palsy their metacarpals were small and thin. The cannulated screw offered substantial compression force between the radius and the 2 rows of carpal bones, and enabled a powerful grip in these patients with osteoporotic bones.
In our study, the external fixator was used intra-operatively to distract the wrist and facilitate debridement of articular surfaces. It maintained the position of the wrist and helped insertion of the cannulated screw. It also acted as an initial load barrier and prevented rotational motion while the surgical field was handled. In a study using screws and short-or long-arm plasters, 19 inspection of the wounds was difficult and pressure sores may develop, especially in patients with brachial plexus Figure 2 The shorter screw is embedded in the cancellous bone and not self-tapped to the cortex of the radius. palsy in whom pressure sores can easily be elicited owing to diminished sensation.
The use of cancellous allografts mixed with demineralised bone matrix may avoid harvesting from the iliac crest, which requires general anaesthesia and a prolonged operating time, and may increase liability to blood loss from the donor site, postoperative pain, walking disability, and infection.
